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Background: CT angiography is used as a non-invasive method in the evaluation of
patients with Fontan circulation. For good visualization of patients having undergone
the Fontan operation the optimal scan timing and adequate intravenous route is
important.
Purpose: The aim of this study was to conﬁrm that computer tomography is very a good
tool for assessment of patients after Fontan procedure with implanted stents in pulmonary
arteries or in fenestration.
Material and methods: Six patients with Fontan circulation and implanted stent in left
pulmonary artery or in fenestration underwent CT angiography. The CT angiography was
successfully performed to all patients. For homogenous enhancement of Fontan pulmon-
ary arteries and Fontan tract we decided to use 1-minute delay scan with right antecubital
application of contrast agent. The optimal enhancement was evaluated at the right
pulmonary artery (RPA), left pulmonary artery (LPA), and Fontan tract. Optimal enhance-
ment was deﬁned when evaluation of stent was possible.
Results: Optimal enhancement when the stent was possible to evaluate intraluminally was
achieved in seven CT examinations. The Bland–Altman test demonstrated good agreement
between readers.
Conclusions: This study demonstrates that CT angiography is a fast, accurate and repro-
ducible method in the evaluation of patients with Fontan circulation, and implanted stent
in pulmonary arteries or in fenestration.
& 2013 The Czech Society of Cardiology. Published by Elsevier Urban & Partner Sp.z o.o. All
rights reserved.
.1. Introduction
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Table 1 – Demographic data of patients.
No of patients 6
Gender
Male 6
Female 0
Age
Mean (years) 8.08
Range (years) 3.5–13
Diagnosis
HLHs 5
PA 1
Type of FF
Intra cardiac lateral tunel 1
Extra cardiac conduit 5
Implanted stent
LPA 4
Fenestration 2
HLHs—hypoplastic left heart syndrome; PA—pulmonary atresia;
LPA—left pulmonary artery; FF—fenestrated Fontan.
c o r e t v a s a 5 5 ( 2 0 1 3 ) e 4 3 4 – e 4 3 8 e435It included the insertion of an aortic or pulmonary homograft
valve, at both the inﬂow and outﬂow of the right atrium.
Nowadays, the two techniques of total cavopulmonary ana-
stomosis have been used as operations of choice (using a
conduit that is created inside the bafﬂe and extracardiac
interposition graft between the transected inferior vena cava
and pulmonary artery). The technique of anastomosis
between the atrium and the pulmonary artery (atriopulmon-
ary connection) has been abandoned. Because of the compli-
cations that arose, many patients who had undergone
operation with the atriopulmonary anastomosis technique
were led to conversion operations for total cavopulmonary
anastomosis [1].
The patients who have undergone the procedure suffer
from many complications. Pulmonary branch stenosis is one
of the most frequent complications in Fontans [2]. There is an
increased risk for development of post-operative pulmonary
artery stenosis in children with hypoplastic branch pulmon-
ary arteries, after duct ligation, after pulmonary arteriotomy
and following anastomosis of any kind. The most frequent
reason of LPA stenosis in patients after Fontan correction is
compression of LPA by dilated neoaorta [3]. It is necessary to
manage pulmonary artery stenosis effectively. It is important
to establish unobstructed blood ﬂow into pulmonary
arteries. There are good short term results following surgery
but with a high rate of restenosis of the branch pulmonary
arteries requiring repeat surgery. So the alternative treatment
is by transcatheter techniques. The transcatheter interven-
tional options consist of conventional or high pressure
balloon angioplasty, cutting balloon angioplasty or stent
implantation. Stents are used for treatment of stenosis
after previous surgery, kinking or tenting of the branch
pulmonary artery, external compression of the branch
pulmonary artery or elastic type of stenosis [4,5]. Late
secondary fenestration of a failing Fontan circulation is a
valuable technique to improve the hemodynamic condition
of the patient. Such fenestration between systemic and
pulmonary venous blood allows a restrictive right to left
shunt [6].
The traditional imaging technique for the pre- and post-
operative evaluation of patients with CHD was catheter
angiography but this has been replaced by echocardiography
for most conditions [7]. The diagnostic quality of echocardio-
graphy is highly dependent on the operator and the presence
of an adequate acoustic window. MRI is an excellent diag-
nostic tool particularly for evaluation of young children
with CHD who will require several follow-up examinations
in their lifetime [8–10]. Moreover, the diagnostic capabilities
of MRI are limited in the presence of surgical devices and
implanted stents due to the signal dropout in the region of
the stent. These patients are better followed by CT for this
reason. Evaluation of in-stent restenosis by CT is optimal.
Visualization of stent in these patients is due to Fontan
physiology challenging. So, it is very important to achieve
homogenous enhancement in all parts of Fontan circulation.
Homogenous opaciﬁcation is also established for thrombus
detection [11].
In this review we focused on the problems of the visua-
lization of Fontan circulation in patients with implanted
stents in main pulmonary arteries or in fenestration.2. Materials and methods
2.1. Patients
The study population included six patients after Fontan
procedure and with implanted stent in LPA or fenestration.
Table 1 shows demographic data of patients. A total of eight
CT examinations were performed in six patients (all were
boys, mean age 8.08 years) between February 2010 and
February 2013. Informed consent was obtained for each
patient prior to CT angiography. Preoperative diagnoses
included various types of HLHs and pulmonary atresia. All
patients underwent a modiﬁed Fontan operation. Total cavo-
pulmonary connections were performed in all patients: lat-
eral tunnel technique (one patient) and extracardiac conduit
(ﬁve patients). The indications for CT study were assessment
of in-stent restenosis and in some patients also visualization
of Fontan fenestration (Figs. 1 and 2).2.2. CT examination
Computed tomographic examinations were performed using
a MDCT scanner (AquilionONE; Toshiba Medical Systems,
Nasu, Japan). The scanning parameters used for CT angio-
graphy show Table 2. To reduce motion artifacts we use
retrospective EKG gating. Preferred imaging protocol depends
on indication of CT. We use 1-minute delay scan for assess-
ment of stents implanted in pulmonary branches or in
fenestration. In patients without stent in fenestration arterial
phase is needed for visualization of this fenestration. We use
a noniodine contrast medium (Ultravist 370; Shering, Berlin,
Germany) of 1–1.5 ml/kg into right antecubital vein, through
20–22-guage needle. Injection rates were as fast as practical
given the needle and patient size. To reduce artifacts from
undiluted contrast material and to reduce the total amount of
contrast material, a saline bolus chasing technique was
Fig. 1 – (a) CT scan in coronal view. Patient after Fontan
palliation and stent placement in LPA. Arrow shows patent
stent in LPA. (b) Conventional angiography in the same
patient.
Fig. 2 – CT scan in sagital view. Same patient as in Fig. 1.
c o r e t v a s a 5 5 ( 2 0 1 3 ) e 4 3 4 – e 4 3 8e436applied. We prefer the bolus tracking technique. In the two
phase protocol (when arterial phase is needed), a region of
interest is placed in SVC or in the place of connection of SVCwith RPA and LPA, and a threshold attenuation of 150 HU is
set. 1-minute delay scan represents the second phase.2.3. Image reconstruction
For evaluation of Fontan pathway we use several image
reconstruction techniques including multi-planar reconstruc-
tion (MPR), maximum intensity projections (MIP) and the
volume rendering technique (VRT).2.4. Image interpretation
For subjective analysis, two radiologists (with 6 years and 4
years of experience in interpretation of cardiac CT) evaluated
the CT images in consensus. They observed the presence or
absence beam-hardening artifacts in both pulmonary arteries
and the Fontan tract, and optimal enhancement of the
Fontan circulation. Optimal enhancement of the Fontan
pathway was considered when reviewers were able to eval-
uate the stent intraluminally. To evaluate optimal and
homogenous enhancement of the four vascular structures
(the aorta, both pulmonary arteries, and the Fontan tract),
and values of the mean density were measured by placing
ROI at each different anatomic location. Mean values in all
parts of Fontan circulation were made after measuring their
densities in each CT examination. All measurements were
performed by both authors.2.5. Statistical analysis
Statistical analysis included the calculation of means and
standard deviations. The Bland–Altman test was used to
analyze the degree of measurement agreement between
readers.3. Results
The results of subjective analysis are summarized in Table 3.
Incidence of beam-hardening artifacts was demonstrated just
in one patient. The reason of presence of these artifacts was
complexity of diagnosis of this patient (HLHs with interrup-
tion of IVC and azygos continuation). Despite the 1-minute
delay scan there was still presence of inhomogeneous
enhancement in the Fontan pathway. Unopaciﬁed blood
was still ﬂown from azygos vein in Fontan tract. Uniform
enhancement of both pulmonary arteries and the Fontan
tract was obtained in seven examinations (Table 3; Fig. 3).
Results of quantitative measurements are summarized in
Table 4. Values of mean density are very similar in both
readers. The highest mean value of density was obtained in
LPA by reader 2. This value is very close to value of mean
density in aorta. The lowest density was measured in Fontant
tract (in both observers). This density is still sufﬁcient for
evaluation of possible thromboembolic complications in this
part of the Fontan circulation. The Bland–Altman test demon-
strated good agreement between readers (Fig. 4).
Table 2 – Scanning parameters.
Detector collimation 0.5 mm
Gantry rotation time 0.5 s
Pitch factor 0.828
Tube voltage 80 kV(p) for patient 40 kg or less
120 kV(p) for patient more than 40 kg
Effective tube current time 100–250 mA
Slice thickness 0.5 mm
Reconstruction interval 0.5 mm
Scan range From the lung apex to the liver
Table 3 – Subjective analysis of three anatomic structures
in 1-minute-delay scan after contrast injection via an
antecubital route.
Observer 1 Observer 2
Total no. 8 8
Examinations
Beam-hardening artifact
RPA 1 1
LPA 1 1
Fontan tract 1 1
Homogeneous enhancement
RPA 7 7
LPA 7 7
Fontan tract 7 7
Data are numbers of CT examinations.
Fig. 3 – CT scan in axial view. You can see hypodense rim in
Fontan tract (arrow) which represents a mural thrombus.
This ﬁgure conﬁrms that a mural thrombus or intimal
proliferation can be visualized in the 1-minute-delay scan.
Table 4 – Measurements of four anatomic structures.
Reader 1 Reader 2
Mean attenuation, HU
Fontan tract 180.3725.5 176.978.9
RPA 213.3716.5 202.5718.2
LPA 214.6743.4 218751.2
Aorta 215.1712.5 217.8734.6
HU—Hounsﬁeld units.
Data are the calculation of means of HU and their standard
deviations.
Fig. 4 – The Bland–Altman test demonstrated good
agreement between readers.
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It is not a randomized study and has a low sample size. In
addition, individual hemodynamic differences caused by
differences in patient age, body weight, and cardiac output
may have inﬂuenced our study results.4. Discussion
For the accurate diagnosis of in-stent restenosis of implanted
stents in pulmonary arteries or in fenestration in Fontans
acquiring uniform and good enhancement of these vascular
structures is essential. The traditional imaging technique for
the follow-up of these patients was catheter angiography but
this has been replaced by MRI and other non-invasive
techniques. MRI is an excellent diagnostic tool for evaluation
of Fontans [9,12]. Moreover, the diagnostic capabilities of MRI
are limited in the presence of implanted stents due to the
signal dropout in the region of the stent. In some papers the
ﬁrst experimental results using cardiac MRI in evaluation of
stents were published. The best luminal visualization and
c o r e t v a s a 5 5 ( 2 0 1 3 ) e 4 3 4 – e 4 3 8e438thus diagnostic accuracy were provided by three sequences.
These were high ﬂip angle through-plane gradient-recalled
echo (GRE) imaging, in-plane and through-plane steady-state
free precession (SSFP) imaging, and high ﬂip angle MRA.
Relatively good results were obtained. But the main limita-
tion of this study was that it was performed in vitro [13]. So
for the visualization of Fontan circulation in patient with
implanted stent CT angiography is uncoverable. It is very
important to achieve homogenous enhancement in all parts
of Fontan circulation. Many techniques to achieve homoge-
nous enhancement of Fontan pathway were published.
Greenberg used a dual injection technique to perform CT
angiography in six patients with extracardiac or lateral
tunnel palliations [14]. We think that using of this technique
is very traumatizing for children. Park et al. tried this injec-
tion technique in some patients but arrival of the contrast
media in the superior vena cava and the Fontan tract at the
same time was difﬁcult to achieve because of the different
resistances of the route, different degrees of the collateral
pathway formation, and the different ﬂow velocities of each
pathway. His study demonstrates that a 3-minute-delay scan
is the most optimal protocol in Fontan patients for the
detection of thrombus regardless of intravenous route or
surgical technique used. 1-Minute-delay scans using the
antecubital route showed signiﬁcantly higher enhancement
of vascular structures than in the 3-minute-delay scans. But
uniform enhancement of Fontan pathway was higher in 3-
minute-delay scans [15]. We used 1-minute-delay-scan in our
low sample study because for visualization of intimal pro-
liferation in stents implanted in LPA, higher enhancement is
necessary. In our study, uniform enhancement of both
pulmonary arteries and the Fontan tract was obtained in
seven examinations. In seven CT examinations it was possi-
ble to evaluate stents intraluminally. Assessment of one stent
implanted in fenestration was difﬁcult due to inhomoge-
neous enhancement of Fontan tract. The reason was com-
plexity of diagnosis of this patient (HLHs with interruption of
IVC and azygos continuation). Despite the 1-minute delay
scan there was still presence of inhomogeneous enhance-
ment in Fontan pathway. Unopaciﬁed blood was still ﬂown
from azygos vein in the Fontan tract.5. Conclusions
This study demonstrates that CT angiography is a fast,
accurate and reproducible method in the evaluation of
patients with Fontan circulation and implanted stent in
pulmonary arteries or in fenestration.Acknowledgements
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